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Introduction
Isosaccharinic acid (2,4,5-trihydroxy-2hydroxymethyl-pentonic acid; represented here as HISA(aq)), a degradation product of cellulose disposed in low level radioactive waste geologic repositories, is known to form strong complexes with many metal ions including actinides [1] . Only very limited reliable data are available for isosaccharinate (ISA   -) complexes of thorium. Two types of data that are available for this system are 1) those that are based on sorption experiments under alkaline conditions [2] [3] [4] [5] [6] and 2) those based on liquid-liquid extractions [7, 8] . The data based on sorption experiments have recently been reviewed by Hummel et al. [1] who concluded that the entire data can be represented by [Th(OH) 4 (aq) + ISA -= Th(OH) 4-x (ISA -xH ) +xH 2 O; Th(OH) 4 (aq) + 2ISA -+ Ca 2+ = CaTh(OH) 4-2y (ISA -yH )(aq) + 2yH 2 O] and that the values of x and y in the above reactions cannot be determined by standard thermodynamic methods.
In two recent journal articles Allard and Ekberg [7, 8] ). Allard and Ekberg [8] report the data for all three temperatures, and Allard and Ekberg [7] deal exclusively with the data set for 25ºC. They reported values for complexation constants for three Th-ISA complexes (Th(ISA) n 4-n , n varying from 1 to 3).
The study appears to have been well carried out. However, several limitations are inherent in the experimental design and the data interpretation. The study was conducted 3 at only one ionic strength (1.0 M NaClO 4 ) and independent values of ion-interaction parameters are not available; thus it is not possible to obtain the values of the equilibrium constants at zero ionic strength for application to determining thorium behavior in the low ionic strength groundwater prevalent at most repositories. The most serious limitation of the study is in the data interpretation. The authors interpreted their results using only Th(ISA) n 4-n species. Because the study was conducted at just one hydrogen ion concentration, it would be impossible to determine whether their experimental data could also have been interpreted equally well using mixed hydroxy-ISA complexes of thorium, especially considering that 1) thorium like other tetravalent actinides strongly hydrolyzes [9] even under fairly acidic conditions and 2) mixed hydroxy complexes containing ISA and other strongly complexing ligands (such as EDTA) have been reported for other tetravalent actinides [e.g., Np(IV) and Pu(IV)] [10, 11] . In addition, it is possible that the nature and type of dominant complexes are different not only at the H + concentrations other than the one investigated in their study but also at those used in their study.
To reliably predict environmental behavior of Th disposed in low-level waste repositories, it is necessary to have data on the nature of Th-ISA aqueous species and their complexation constants that will be applicable to a wide range in pH values and ISA concentrations. It is clear that the only reliable experimental study [8] interpreted along with reinterpretation of the data reported in [8] .
Materials and Methods
All experiments were conducted at room temperature (22º ± 2ºC) in a controlled atmosphere chamber containing Argon. Deionized water was used in all experiments.
HCl stock solution and carbonate-free NaOH were used for pH adjustments where necessary.
The ThO 2 (am) used in this study was obtained by titrating a concentrated Th stock solution, prepared from Th(NO 3 ) 4 ·4H 2 O with carbonate-free NaOH to a pH value of about 10.5 and washing the resulting precipitate with deionized water to remove soluble Na and nitrate impurities.
A stock solution of sodium salt of α-isosaccharinate (NaISA) was prepared from Ca(ISA) 2 (cr) using a modified version of the method [12] briefly described below. The Ca(ISA) 2 (cr) used in this preparation was prepared as described in Rai et al. [13] and was characterized by X-ray diffraction. A 2.5 g portion of Ca(ISA) 2 The data were interpreted using the Specific Ion-interaction Theory (SIT) described in many publications by the Nuclear Energy Agency of the Organization for Economic Co-Operation and Development (e.g., [9] ). The base line thermodynamic data for Th and other species, some of the associated ion-interaction parameters, and the computerized SIT fitting code (NONLINT-SIT) used in these interpretations are described in [9] and/or [1] .
Results and Discussion
Isosaccharinic acid in solution can exist in three different forms; isosaccharinic acid ] are not available to convert these constants to zero ionic strengths and thus use them to predict concentrations in our systems. However, using reasonable values of ion interaction parameters, the log 10 β n 0 values for the formation of Th(ISA) n 4-with n varying from 1 to 3 were estimated (Table 1) and then used to caculate the ThO 2 (am) solubility under our experimental conditions. A comparison of these predictions shows that the predicted values for the fixed NaISA concentration sets as a function of pH in the relatively low pH region are up to several orders of magnitude higher and in the relavely high pH region are up to many orders of magnitude lower than those observed ( Figure 1 ). The predicted concentrations for fixed pH sets as a function of NaISA are in all cases up to several orders of magnitude higher for the pH 6 set and lower for the pH 12 set (Figure 2 ). It should be noted that these differences are up to several orders of magnitude greater than what might be expected from uncertainties in the estimated log 10 β n 0 values caused by using estimated ion-interaction parameters. In addition, the changes in predicted concentrations as a function of pH (Fig 1) and/or a function of NaISA concentrations at fixed pH values of about 6 or 12 ( Figure 2 ) are drastically different than those observed, indicating that the model previously reported in the literature ( [8] ) cannot be correct. Figure 5 . We tested the ability of our model to accurately interpret liquid-liquid extraction data of Allard and Ekberg [8] using their equation (4) 4 (ISA) 2 2-) = -0.57 ± 0.63 calculated in this manner has a relatively large uncertainty and thus cannot be used with any reliability. However, this value does point out that the log K value (-13.7 ±0.4) at 1.05 m NaClO 4 calculated from these data seems reasonable as the decrease in log K value going from 0 ionic strength to 1.05 m is smaller than dictated by the Debye-Huckel term alone. (Table 1 ) and the other appropriate thermodynamic data reported in Table 2 and 3. Dashed line depicts ThO 2 (am) solubility based on the thermodynamic data reported in Tables 2 and 3 Table 1 . ISA complexes of thorium based on the literature data Table 2 . Thermodynamic data used in calculations Table 3 . SIT ion-interaction parameters used in this study (Table 1 ) and the other appropriate thermodynamic data reported in Table 2 and 3. Dashed line depicts ThO 2 (am) solubility based on the thermodynamic data reported in Tables 2 and 3 without any Th-ISA complexes. Tables A.3 and A.4. Solid line depicts predicted concentration based on the Th(ISA) n 4-n complexes reported by Allard and Ekberg [8] (Table 1 ) and the other appropriate thermodynamic data reported in Tables 2 and 3 . -reported by NEA. It should be noted that because of the relatively high ionic strength used in this study the corrections to convert concentration constants to thermodynamic equilibrium constants are primarily due to the Debye-Huckel term. The contribution of the assumed ion interaction parameters is very small (-0.07, -0.17, and -0.05 for Th(ISA) n 4-n with n varying from 1 to 3 respectively), certainly much smaller than the standard deviation reported in the original numbers. 
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